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1 . S This communication is responsive to the 09-21-2004 Election . 

2. £3 The allowed claim(s) is/are 7-21 . 

3. ^ The drawings filed on 04 December 2003 are accepted by the Examiner. 

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f). 

a) E! All b)DSome* c) □ None of the: 

1. Certified copies of the priority documents have been received. 

2. □ Certified copies of the priority documents have been received in Application No. . 

3. □ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 
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1 ) □ hereto or 2) □ to Paper NoVMail Date . 
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Paper No./Mail Date . 
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each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 



Attachment(s) 








1. E3 Notice of References Cited (PTO-892) 


5. 


□ 


Notice of Informal Patent Application (PTO-1 52) 


2. □ Notice of Draftperson's Patent Drawing Review (PTO-948) 


6. 




Interview Summary (PTO-413), 








Paper No./Mail Date 20041209 . 


3. £3 Information Disclosure Statements (PTO-1449 or PTO/SB/08), 


7. 


SI 


Examiner's Amendment/Comment 


Paper No./Mail Date 20031 204 








4. □ Examiner's Comment Regarding Requirement for Deposit 


8. 




Examiner's Statement of Reasons for Allowance 


of Biological Material 


9. 


□ 


Other 



SHOUXIANG HU 
PRIMARY EXAMINER 




U.S. Patent and Trademark Office 
PTOL-37 (Rev. 1-04) 



Notice of Allowability 



Part of Paper No./Mail Date 20041 209 



Application/Control Number: 10/726,705 
Art Unit: 2811 



Page 2 



EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Eckhard H. Kuesters (RN: 28,870) on December 7, 2004. 

The application has been amended as follows: 
IN THE TITLE 

The title is changed as following: 

A Method of Forming a Semiconductor Device and M e t h od of M a nufacturing th e 
Same Having an Amorphous/crystalline Gate Insulating Layer 

IN THE CLAIMS 

1-6. (Canceled) 

7. (Currently Amended) A method of manufacturing a semiconductor device comprising: 
forming an amorphous insulating layer containing metal, silicon and oxygen on a 

substrate, the amorphous insulating layer further containing nitrogen in a surface region thereof, 

and 
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heat-treating the amorphous insulating layer in a non-oxidizing atmosphere, permitting a 
solid-phase growth to take place in a region containing no nitrogen in the amorphous insulating 
layer while remaining the nitrogen-containing surface region as an amorphous insulating layer, 
thereby forming an epitaxial crystalline insulating layer containing [[a]] said metal, silicon and 
oxygen on and in contact with the substrate side of th e amorphous insulating lay e r . 

8. (Original) The method of manufacturing a semiconductor device according to claim 7, 
wherein the nitrogen is contained in the surface region of the amorphous insulating layer at a 
concentration of 1 5 atom% or more. 

9. (Original) The method of manufacturing a semiconductor device according to claim 7, 
wherein the metal includes at least one element selected from the group consisting of Zr, Hf, Ti 
and lanthanoid elements. 

10. (Original) The method of manufacturing a semiconductor device according to claim 
7, wherein the surface region containing nitrogen has a thickness ranging from 1 nm to 2.5 nm. 

11. (Currently Amended) The method of manufacturing a semiconductor device 
according to claim 7, wherein the amorphous insulating layer containing nitrogen in the surface 
region thereof is formed by depositing a metal silicate film on the substrate and exposing the 
metal silicate film to e xited excited nitrogen. 

12. (Original) The method of manufacturing a semiconductor device according to claim 
1 1, wherein the metal silicate film has a thickness of 10 nm or less. 

13. (Currently Amended) The method of manufacturing a semiconductor device 
according to claim 7, wherein the nitrogen-containing surface region of the amorphous insulating 
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layer containing nitrogen in the surface region th e r e of is formed by depositing a metal silicate on 
the surface in a nitrogen atmosphere. 

14. (Original) The method of manufacturing a semiconductor device according to claim 
13, wherein the metal silicate film has a thickness of 10 nm or less. 

15. (Original) The method of manufacturing a semiconductor device according to claim 
7, wherein the non-oxidizing atmosphere is an atmosphere containing oxygen at a partial 
pressure of 1 x 10" 3 Torr or less. 

16. (Currently Amended) The method of manufacturing a semiconductor device 
according to claim 7, further comprising forming an electrode on the amorphous insulating film 
successively after forming the amorphous insulating film. 

17. (Original) The method of manufacturing a semiconductor device according to claim 
7, wherein the heat treatment is performed at a temperature ranging from 950°C to 1200°C. 

18. (Currently Amended) A method of manufacturing a semiconductor device 
comprising: 

forming an amorphous insulating layer containing metal, silicon and oxygen on a 
substrate, the amorphous insulating layer comprising a surface region and a substrate side 
remnant region, the surface region further containing a nitrogen of a first concentration, and the 
remnant region containing a nitrogen of a second concentration less than the first concentration; 
and 

heat-treating the amorphous insulating layer in a non-oxidizing atmosphere, permitting a 
solid-phase growth to take place so as to form an epitaxial crystalline insulating layer in the 
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substrate side remnant region in contact with said substrate while having remaining the first 
region as an amorphous insulating layer. 

19. (Original) The method of manufacturing a semiconductor device according to claim 
18, wherein the non-oxidizing atmosphere comprises a partial oxygen pressure of 1 x 10" 3 Torr or 
less. 

20. (Currently Amended) The method of manufacturing a semiconductor device 
according to claim 18, wherein said heat-treating is performed after the non -o xidizing 
atmosph e r e is form e d by depositing a conductive film on the amorphous insulating layer prior to 
th e st e p of h e at - tr e ating . 

21 . (Original) The method of manufacturing a semiconductor device according to claim 
18, wherein the metal includes at least one element selected from the group consisting of Zr, Hf, 
Ti and lanthanoid elements. 

Allowable Subject Matter 

Claims 7-21 are allowed. 

Reasons for Allowance 

The following is an examiner's statement of reasons for allowance: Prior art does 
not teach or render obvious a method of manufacturing a semiconductor device as 
defined in the above allowed claims, comprising particularly the steps of: forming an 
amorphous insulating layer of a metal silicate with higher nitrogen concentration at its 
upper portion than at its lower portion, and annealing it so as to convert the lower 
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portion to an epitaxial crystalline insulating layer on and in contact with the substrate 
while still keeping the upper portion as an amorphous insulating portion. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance. " 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. References A-G are cited as being related to a method of forming 
an insulating layer comprising a step of nitridation. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Shouxiang Hu whose telephone number is 571-272- 
1654. The examiner can normally be reached on Monday through Thursday, 7:30 AM 
to 6:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie C. Lee can be reached on 571-272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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